A direct, transient interaction between vinculin and Arp2/3 is required to promote receptor-stimulated lamellipodial extension and cell spreading. Vinculin selectively recruits Arp2/3 to the leading edge of the lamellipodium, where it may couple the actin polymerization machinery to adhesion complexes to promote membrane protrusion over ruffling. How might the Arp2/3-vinculin complex be important for lamellipodial protrusion? The first thing that comes to mind is that vinculin may be yet another type of regulator for Arp2/3 activity, but this may not be the case. Arp2/3 is stimulated by several classes of proteins, but in all cases the activation requires interaction of Arp2/3 with an acidic domain on the activator [12], whereas the interaction with vinculin is via the proline-rich domain. Recently, the first inhibitor
[8] and exert a traction force [9] which may be used to pull the cell forward.
DeMali et al. [3] hypothesized that the coupling of membrane protrusion to adhesion occurs by physical connection of Arp2/3 with a structural component of focal adhesion complexes. By co-immunoprecipitation, the authors found a small amount of Arp2/3 associated with vinculin, but not with talin or α α-actinin. This association was markedly enhanced by pre-treating serumstarved cells with epidermal growth factor or by plating the cells on fibronectin, conditions that stimulate ruffling, lamellipodial protrusion and cell spreading via activation of PI 3-kinase [10] and Rac1 [11] . Formation of the vinculin-Arp2/3 complex peaked at 30 seconds and was undetectable 20 minutes after application of stimulus. The transience of the interaction may explain why this complex has not been detected heretofore.
The interaction of vinculin and Arp2/3 was found to be dependent on PI 3-kinase and Rac1 activation. Thus, complex formation was prevented by treatment with wortmannin and LY294002, inhibitors of PI 3-kinase, or by expression of the dominant-negative N17Rac1. Conversely, expression of the constitutivelyactive L61Rac1 was found to promote formation of the vinculin-Arp2/3 complex. These findings establish that the vinculin-Arp2/3 complex is induced by receptormediated signaling through the PI 3-kinase and Rac1 pathways that control lamellipodial extension.
But is the vinculin-Arp2/3 complex necessary for membrane protrusion? DeMali et al. [3] How might the Arp2/3-vinculin complex be important for lamellipodial protrusion? The first thing that comes to mind is that vinculin may be yet another type of regulator for Arp2/3 activity, but this may not be the case. Arp2/3 is stimulated by several classes of proteins, but in all cases the activation requires interaction of Arp2/3 with an acidic domain on the activator [12] , whereas the interaction with vinculin is via the proline-rich domain. Recently, the first inhibitor of Arp2/3, coronin, has been described [13] , and coronin also interacts with Arp2/3 via a non-acidic domain, in this case a coiled-coil region. Although no data on the effect of vinculin on Arp2/3 activity were presented, preliminary experiments cited showed no effect on Arp2/3 nucleation of actin filament assembly. The absence of any effect of vinculin on Arp2/3 activity is an important point, because it directs attention to other possible roles for the complex.
DeMali et al. [3] suggest that vinculin recruits Arp2/3 to focal complexes and nearby Arp2/3 activators at the leading edge. Formation of the vinculin-Arp2/3 complex might physically couple newly polymerized actin to cell-substrate adhesions and thereby promote lamellipodial extension at the expense of ruffling (Figure 1 ). Evidence that vinculin can recruit Arp2/3 came from using fibronectin-coated beads to cluster integrin receptors on the cell surface and simulate formation of focal complexes. Beads on cells transfected with wild-type vinculin were found to recruit both vinculin and Arp2/3 in most cases; but when the cells were transfected with mutant vinculin, most of the beads recruited vinculin but not Arp2/3.
Vinculin and Arp2/3 were additionally found to colocalize at the leading edge of Rac1-stimulated lamellipodia, but not in mature focal adhesions where the majority of vinculin is concentrated. Interestingly, the co-localization of vinculin with Arp2/3 at the leading edge of lamellipodia is best seen when RhoA activity is inhibited, blocking formation of mature focal adhesions. This suggests that when RhoA is active, the vinculin-Arp2/3 complex gives rise to the focal adhesions found in a zone behind the focal com-plexes. DeMali et al. [3] speculate that Arp2/3 is dis-placed by another ligand that binds to vinculin via its proline-rich domain. 
